Objective: To further delineate the clinical spectrum of hypomyelination and congenital cataract (HCC), a rare autosomal recessive white matter disorder due to deficiency of a membrane protein, hyccin, encoded by FAM126A.
remaining patient was not able to stand at age 2 years. Mental retardation was present in all patients. Peripheral neuropathy was present in the 8 patients who underwent neurophysiological investigations. Brain magnetic resonance imaging showed hypomyelination associated with periventricular white matter abnormalities in all patients and brainstem pyramidal tract involvement in 8. Molecular analysis depicted 3 novel mutations and the previously reported IVS5ϩ1GϾT mutation.
Conclusions: Our study broadens the clinical spectrum of HCC. The clinical variability ranges from severe early-onset neurologic impairment to a milder phenotype. In contrast to this clinical variability, the peculiar magnetic resonance pattern of hypomyelination combined with increased periventricular white matter water content allows distinction of HCC from other forms of hypomyelinating leukoencephalopathies. Arch Neurol. 2011;68 (9) : [1191] [1192] [1193] [1194] H YPOMYELINATION AND congenital cataract (HCC, OMIM #610532) is a rare autosomal recessive white matter disorder characterized by congenital cataract, progressive neurologic impairment, and myelin deficiency in the central and peripheral nervous system. 1, 2 The disease is caused by the deficiency of a novel membrane protein, hyccin, which is encoded by the FAM126A gene (OMIM *610531; previously named DRCTNNB1A) located on chromosome 7p21.3-p15.3. 1 We describe the clinical, radiologic, and genetic features of 9 additional patients with HCC.
METHODS
We have identified 9 patients with HCC from 7 unrelated families, all of Mediterranean ori-gin. In 6 families, the parents were consanguineous. Patients 7and 8 are siblings; patient 9 is their first-degree cousin. Having received parental written informed consent, the investigations fulfilled our institutions' ethical rules for human studies.
Samples of DNA were obtained from peripheral lymphocytes using standard techniques. Mutational screening of FAM126A and marker genotyping were performed as previously described. 1 Brain magnetic resonance imaging (MRI) was performed in all patients for a total of 15 examinations, consistently including axial and/or sagittal T1-weighted spin-echo and axial T2-weighted fast spin-echo images, whereas axial and/or coronal fluid-attenuated inversion recovery images were obtained in 11 examinations. Motor nerve conduction velocity studies were performed in 8 of 9 patients. Sural nerve biopsies were performed in 2 patients and were processed for light and electron microscopy with standard techniques. 3 Author Affiliations are listed at the end of this article.
RESULTS
Clinical and laboratory findings are summarized in the following subsections. Details are provided in the eTable (http://www.archneurol.com).
CLINICAL AND NEUROPHYSIOLOGICAL FEATURES
All patients were born at term after an uneventful pregnancy. The perinatal history was normal in 8 of 9 patients; patient 2 showed hypotonia and feeding difficulties during the neonatal period. Five patients showed bilateral cataract at birth; in 3 patients, bilateral cataract was found between 3 and 7 months of life, and in patient 3, a mild opacity of the lens was diagnosed at 3 years of age. All patients except patient 3 underwent ocular surgery. Nystagmus developed in 6 of 9 patients, but no patient presented with congenital or early nystagmus. The early development was normal in all patients. Developmental delay was most often noted at the end of the first year of life: walking without support was achieved between ages 12 and 24 months in 5 of 9 patients (patient 3 suddenly lost this ability at age 20 months); 3 of 9 patients were able to walk with support between 12 and 18 months of age, whereas the remaining patient was not able to stand at 26 months of age. Most patients gradually lost the ability to walk, becoming wheelchair bound between ages 3 and 15 years. Slowly progressive scoliosis appeared concurrently with the loss of the ability to walk. Neurologic examination showed truncal hypotonia and pyramidal signs in 8 of 9 patients. Cerebellar signs, such as truncal titubation and intention tremor, were evident in 3 patients. Muscle weakness and wasting of the lower limbs, indicating peripheral nervous system involvement, were present in all patients. Mild mental retardation was also present in all patients. Only 1 patient experienced a few seizures. Motor nerve conduction velocity was decreased in all patients examined.
MOLECULAR FINDINGS
Molecular analysis showed 3 novel mutations in 5 patients (c.215_224dup, c.725del, and c.274delA) and the previously reported 1 IVS5ϩ 1GϾT mutation in 4 unrelated patients (eTable). Haplotype analysis of 3 of these patients and of 1 patient carrying the same mutation (described by Zara et al 1 ) demonstrated the same haplotype in all of them (eFigure 1).
NEUROIMAGING AND NEUROPATHOLOGICAL STUDIES
In all patients, MRI signal behavior was consistent with the definition of hypomyelination 4 on T1-and T2weighted images (Figure 1 and Figure 2) . In addition, we found evidence of additional periventricular abnormalities, with an anterior-to-posterior gradient of severity (Figures 1 and 2) . These areas were characterized by even higher T2 signal intensity and associated with T1 hypointensity, suggesting an increased water content in the affected white matter. On follow-up studies, white matter atrophy was seen in the same regions, with enlargement of the lateral and third ventricles and thinning of the corpus callosum in the older patients. One patient had slight cerebellar atrophy.
The cerebellar white matter was mildly hyperintense on T2-weighted images and was close to the signal intensity of the adjacent cortical gray matter, resulting in a "blurred" gray matter/white matter interface at this level in 1 patient. Pyramidal tracts showed an abnormally high T2 signal in the mesencephalon and pons in 7 patients and in the mesencephalon only in 1 patient (eFigure 2). This hyperintensity seemed to improve with age in 2 of these patients. Sural nerve biopsy showed minimal changes, as illustrated in Figure 3 .
COMMENT
Despite advances in the diagnosis of white matter disorders in children, almost half the patients remain without a definite diagnosis. 5 Hypomyelination is the single largest category among white matter disorders of unknown origin, representing a major diagnostic challenge because the MRI changes are thought to be uniform and nonspecific. Distinctive clinical findings, such as cataract in HCC or hypodontia in the 4H syndrome (hypomyelination with hypogonadotropic hypogonadism and hypodontia), 6, 7 have been considered crucial for making the diagnosis of specific entities. Subtle but consistent MRI abnormalities also help in differentiating hypomyelinating disorders. 8 In the original description of HCC, 1,2 bilateral congenital cataract was considered to be a major finding, and the neurologic picture was stereotyped: developmental delay was noticed at the end of the first year of life, the ability to walk was achieved during the second year with support only, and patients became wheelchair bound at the end of the first decade. In contrast, in the present study, cataract was not invariably congenital, and only a mild lens opacity was diagnosed in the third year of life in 1 patient. Furthermore, the age at neurologic presentation and the severity of the neurologic impairment varied. Indeed, 5 patients showed a milder phenotype, being able to walk without support, and 1 child developed normally until a sudden motor regression occurred during the second year of life. However, at the other end of the clinical spectrum, 1 patient showed hypotonia and feeding difficulties in the neonatal period, early-onset developmental delay, and wheelchair dependency from age 3 years. The patient with the most severe clinical picture and the one with the mildest phenotype carried the same mutation (IVS5ϩ1GϾT) reported in 6 other patients (including another of this series), with the typical occurrence of congenital/earlyonset cataract and the classic neurologic presentation and outcome. The significant clinical variability is likely due to modifiers from the genetic background of each patient. Genotyping of highly polymorphic microsatellite markers covering the HCC locus in 4 unrelated patients with this mutation revealed the presence of a common haplotype spanning approximately 340 kilobases, suggesting a founder effect. The identification of additional patients will eventually determine whether this effect is restricted to individuals of Mediterranean descent. Late-onset cataract has been reported 9 in a Turkish family with a homozygous, large intragenic deletion encompassing 2 exons of the FAM126A gene. In one child, bilateral cataract developed at 9 years of age; in another, unilateral cataract developed at 12 years of age.
In conclusion, the clinical variability of HCC is greater than previously described, but the MRI features of hypomyelination combined with increased periventricular white matter water content are consistently observed, distinguishing HCC from other forms of hypomyelinating leukoencephalopathies. In addition, most of our patients showed increased T2 signal of the pyramidal tracts in the mesencephalon and pons. Thus, even in the absence of cataracts or with atypical clinical findings, these characteristic MRI findings suggest the diagnosis of HCC, and mutation analysis of FAM126A should be the first diagnostic step. 
